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INTRODUCTION
Inguinal hernia repairs are among the most commonly performed procedures by general surgeons. Each year, there are over 800,000 such surgeries completed in the US [8] . In Europe, the number of repairs is also high, with 200,000 per year in Germany and 60,000 per year in Poland [9] . The rich innervation of the inguinal region makes this area particularly sensitive during lower abdominal surgery. Variation in the anatomical course of the inguinal nerves further complicates this already demanding procedure as nerves may be inadvertently compressed or sectioned. Injury to the innervation of this area can lead to postoperative pain [6, 7] . For instance, in 49 out of 110 hernia repairs reported by Al-Dabbagh [1] , the atypical superficial placement of the ilioinguinal nerve left it particularly vulnerable to transection in the early stages of the operation. The nerve was found either emerging through the fibres of the external oblique muscle, proximal to the superficial inguinal ring or running parallel and in proximity to the latter [1] . Such placement increases the risk of it being severed when the external oblique aponeurosis and superficial inguinal ring are split [5] . These findings highlight the importance of considering atypical anatomic innervation during lower abdominal surgery in preventing nerve injury.
In the present study, the anatomical variations in the course of the genitofemoral, lateral cutaneous femoral, ilioinguinal, and iliohypogastric nerves are described. Knowledge of the course of these nerves in the inguinal region, and an understanding of variations seen in their topography, can decrease the incidence of postoperative complications and adverse effects.
CASE REPORT
An elderly male cadaver, age 75, fixed in a 10% solution of formaldehyde, was carefully prepared and examined. The inguinal region of the cadaver was dissected bilaterally and the course of the inguinal nerves was followed. Inspection of the inguinal region and posterior abdominal cavity, on the left side of the specimen, showed that the left ilioinguinal nerve was absent. Furthermore, the left genital branch of the genitofemoral nerve coursed atypically. It arose much higher from the lumbar plexus than would be expected and it did not appear to have an evident place of origin (Fig. 1) . As the general purpose of the dissection was to explore the anatomy of the inguinal region, and not to explore the entire course of the genitofemoral nerve, further dissection to locate its origin was not conducted. The nerve continued downward in the direction of the inguinal canal, pierced the lateral border of the psoas major muscle, and continued to run anterior to it. In the inguinal canal the genital branch passed just below the spermatic cord, within the cremasteric fascia, and innervated the cremasteric muscle. Next, it left the inguinal canal through the superficial inguinal ring, as a sensory branch, and provided innervation to the medial thigh. This region of the groin is typically supplied by the ilioinguinal nerve. Above the spermatic cord, the left iliohypogastric nerve was identified within its normal topography (Fig. 2) . Equally, the left femoral branch of the genitofemoral nerve followed the typical anatomical course below the inguinal ligament (Fig. 3) . The left lateral cutaneous femoral nerve, in relation to the anterior superior iliac spine, coursed considerably lower than expected (Fig. 1) . Instead of traveling at the level of the spine, it passed several centimetres below it.
In the right inguinal region of the cadaver, the course of the genital branch of the genitofemoral nerve was identified. It emerged at the medial margin of the psoas major muscle and coursed along the right common and external iliac arteries, towards the posterior wall of the inguinal canal. There, in the area Figure 1 . Left inguinal region; 1 -rectal abdominis muscle; 2 -venous type of "corona mortis"; 3 -medial umbilical ligament; 4 -external iliac artery; 5 -vas deferens; 6 -testicular vessels; 7 -lateral cutaneous femoral nerve; 8 -femoral branch of the genitofemoral nerve; 9 -lymphatic node; 10 -inferior epigastric vessels; 11 -transversalis fascia.
Figure 2.
Left inguinal region; 1 -ramus genitalis nervi genitofemoralis; 2 -aponeurosis musculi obliqui abdominis externi; 3 -musculus cremaster; 4 -iliohypogastric nerve; 5 -transversalis fascia; 6 -musculus obliqus internus abdominis; 7 -musculus transversus abdominis; 8 -falx inguinalis (conjoint tendon).
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inguinal ring, together with ilioinguinal nerve, and provided sensory innervation to the right groin area (Fig. 5) . The courses of the femoral branch of the genitofemoral, the iliohypogastric, and lateral cutaneous femoral nerves were topographically normal (Figs. 4, 6 ).
DISCUSSION
Lower quadrant surgeries, such as hernia repairs, may cause injury to the inguinal nerves. Damage to the inguinal nerves has been associated with long term postoperative groin pain [2, 3, 7] . The highest level of self-reported postoperative pain, at 3 months, has been found to be correlated with non-identification of the ilioinguinal nerve [7] . Fortelny and Petter Puchner [3] estimate the incidence of postoperative of Hasselbach's triangle, it pierced the transversalis fascia and entered the canal (Fig. 4) . Resection of the aponeurosis of the external oblique muscle revealed that the genital branch of the genitofemoral nerve exited the inguinal canal through the superficial . Right inguinal region; 1 -nervus subcostalis; 2 -musculus quadratus lumborum; 3 -vena lumbalis; 4 -nervus iliohypogastricus; 5 -nervus ilioinguinalis; 6 -musculus iliacus; 7 -musculus psoas major; 8 -nervus cutaneus femoris lateralis; 9 -ramus femoralis nervi genitofemoralis; 10 -vena testicularis; 11 -arteria iliaca externa; 12 -ramus genitalis nervi genitofemoralis; 13 -ureter dexter; 14 -tendo musculi psoas minor; 15 -vena cava inferior. groin pain to be around 31%, with 6% of respondents reporting interference with daily activities [4] . As such, detailed knowledge of the variability of the inguinal innervation is critical for early identification and sparing of the nerves. The present study describes the variability in the course of the genitofemoral, lateral cutaneous femoral, ilioinguinal, and iliohypogastric nerves as seen in an elderly male cadaver.
The inguinal nerves are often found to follow variable patterns of distribution [1, 5, 6] . In a recent study of patients undergoing hernia repair, Al-Dabbagh [1] found that the course of the ilioinguinal and iliohypogastric nerves was only consistent with anatomic texts in 41.8% of cases. Furthermore one or both of these nerves was found to be absent in 7.3% of cases [5] . In the current cadaveric dissection, an atypical pattern of inguinal nerve branches was found. The left genital branch arose higher than expected from the spine, the left lateral cutaneous femoral nerve coursed significantly below the superior anterior iliac spine, and the right genital branch of the genitofemoral nerve followed an uncharacteristic course. Lastly, the left ilioinguinal nerve was absent.
In light of the great variability of the course of the inguinal nerves, a single description of the topography of the inguinal innervation is insufficient to properly identify these nerves. Instead, surgeons must consider the various patterns of branching that can occur in the region, to avoid accidental nerve damage. Rab et al. [6] categorised the distribution patterns of the ilioinguinal and genitofemoral nerves into 4 different types: A, B, C, and D. The course of the left genital branch reported in this cadaveric dissection corresponds to the type A pattern. According to this classification, the skin of the pubis and ventral scrotum or labia is innervated only by the cutaneous component of the genital branch of the genitofemoral nerve [6] . This innervation was found in the dissected specimen. Such a conformation was reported to be the most common and was present in 43.7% of cadavers studied by Rab et al. [6] .
The course of the right genitofemoral nerve, found in this present cadaver, corresponds to the more rare, type D pattern (7.8% of dissections), where the cutaneous components of the ilioinguinal and genitofemoral nerves together supply the skin of the groin region [6] . The innervation of the right and left inguinal regions, reported in the current male cadaver, are asymmetrical in their innervation pattern. Such a finding is supported by the observations of Rab et al. [6] who noted symmetric innervation in only 40.6% of dissected cadavers.
The major limitation of the present study is its "case report" nature. This manuscript reports the results of a single cadaveric dissection, and there is insufficient information to adequately define, in vivo, the roles that such nerve variations may have played during the patient's life. Nonetheless, the anatomic variations described in this case report suggest that, to properly understand the nerve distribution of the inguinal region, multiple patterns of innervation must be considered.
CONCLUSIONS
Concluding, a clear understanding of the anatomical locations of the inguinal nerves, during lower abdominal surgery, is pivotal in preventing nerve damage and subsequent complications. As highlighted by this paper, the topography of these nerves shows considerable variation. This must be taken into account when identifying these nerves. Knowledge of various atypical innervation patterns will allow surgeons to properly identify vital nerves and reduce the risk of postoperative groin pain and complications.
